Service interoperability is a major obstacle in realizing the SOA vision. Interoperability is the capability of multiple, autonomous and heterogeneous systems to use each other's services effectively. It is about the meaningful sharing of functionality and information that leads to the achievement of a common goal. In this paper we systematically explain what interoperability means and analyze possible interoperability problems. Further, we define requirements for service interoperability and present a method to assess whether a composite system meets the identified requirements.
Introduction
The integration of software systems is a major challenge for companies today. Both organizational forces, such as business process integration (BPI) , and technology drivers, such as the move towards service-oriented architectures (SOA), put increasing pressure on software engineers to reuse and integrate existing system services, rather than building new systems from scratch. However, the lack of interoperability forms a major stumbling block in the integration process. To address this issue a lot of efforts are currently being invested in standardizing service description languages and protocols for service interactions such as WSDL, BPEL, WS-CDL. Unfortunately, these efforts mainly address what we call syntactic interoperability, whereas semantic interoperability is just starting to be addressed by initiatives such as the SWSI 1 and the WSMO 2 working groups.
In this paper we analyze what it means for software systems to be interoperable. Based on the results of this analysis we identify possible interoperability problems and define requirements for appropriate solutions. Next, we propose a conceptual framework for service modeling as well as a method for formally verifying the interoperability of an integrated system, starting with an integration goal. The latter qualification becomes necessary because a composite system has properties that emerge due to the interaction of its components. Assessing interoperability of such a system means that one can check if a desired goal (i.e., a number of emerging properties) can be achieved by the elements of that system in concert.
The paper is organized as follows: Section 2 presents our conceptual framework for service modeling. Section 3 explains what interoperability means, analyze possible interoperability problems, and define requirements for service interoperability. Section 4 presents our method for formal verification whether a composite system meets the identified interoperability requirements. Section 5 gives an overview of the state-of-the art and the related work. Finally, Section 6 presents our conclusions and discusses some future research directions.
A Conceptual Framework for Service Modeling
This section presents our conceptual framework for service modeling. The framework defines concepts and a notation to model interactions between systems from a communication, behavioral and information perspective. The presented concepts are generic in that they can be applied in different application domains and at successive abstraction levels. This helps limiting the number of required concepts. The core concept in our framework is the interaction concept. It supports a constraint-oriented style of service specification, which facilitates the addressing of interoperability requirements by modeling the participation of interacting entities as separate constraints and by reasoning about satisfiability of the logical conjunction of these constraints. The conceptual framework is based on earlier work [12] [13] .
The communication perspective is concerned with modeling the interacting systems and their interconnection structure. For that purpose we introduce two basic concepts, namely Entity and Interaction point.
An Entity models the existence of some system, while abstracting from its properties. An Interaction point models the existence of some mechanism that enables interaction between two or more systems, while abstracting from the properties of the mechanism. In general, the interaction mechanism is identified by its location (e.g., the combination of an IP address and port number can be used to identify a TCP/UDP socket).
We adopt Webster's definition of a system, which defines a system as "a regularly interacting or interdependent group of items, components or parts, forming a unified whole". This definition distinguishes between two system perspectives: an internal perspective, i.e., the "regularly interacting or interdependent group of items, components or parts", and an external perspective, i.e., the "unified whole". Fig. 1 illustrates both perspectives.
From an external perspective a system is modeled as a single entity (e.g., System A) having one or more interaction points (e.g., IP 1 , IP 2 and IP 3 ). From an internal perspective a system is modeled as a structure of interconnected system parts (e.g., Systems A 1 , System A 2 and System A 3 ).
The behavioral perspective is concerned with modeling the behavioral properties of a system, i.e., the activities that are performed by the system as well as the relations among them. For that purpose we introduce four basic concepts, namely, Action, Interaction, Interaction contribution and one relation, namely, Causality relation.
